Serum IgE in asthmatic children: relation to age, sex, eczema, and skin sensitivity tests. A simple method was used to detect raised serum concentrations of IgE immunoglobulin in 237 asthmatic children. The lower limit of sensitivity of the method was 900 units/ml. 49% of the children were found to have concentrations of 1000 units/ml or over. Among those who had asthma and either past or present eczema, 66% had IgE concentration over 1000 units/ml, but among those with asthma alone, only 35% had IgE levels of 1000 units/ml or more.
The discovery in man that many reaginic antibodies reside in a separate class of immunoglobulin -IgE- (Ishizaka, Ishizaka, and Hornbrook, 1966) and that raised serum concentrations of IgE occur in allergic asthmatics and in children with asthma and eczema (Berg and Johansson, 1969b) , makes it possible to approach childhood asthma with a new objective yardstick for allergic sensitization.
IgE concentrations were measured by Johansson, Bennich, and Wide (1968) Mancini, Carbonara, and Heremans (1965) in order to increase its sensitivity by applying a 131I-labelled anti-sheep antibody to the radial diffusion plate. Sera from 50 Bristol children with asthma were studied by this method, and approximately half of those with prominent allergic features were found to have increased concentrations of IgE (Rowe and Wood, 1970) . In the present report the single radial diffusion method has been modified by the application of a similar second antibody
Received 24 April 1972. stage, but without the use of isotope labelling. The sensitivity of the method is considerably less than that of Rowe, but it has been found suitable for reliably measuring IgE concentration of over 900 units/ml (the units referred to in this paper are those of the Research Standard in which 1 unit of IgE is approximately equivalent to 1 ng).
In normal children, Berg and Johansson (1969a) have shown that IgE concentrations increase with age, and Johansson (1968) has reported an average normal adult level of 280 ng/ml and a range of ±2 logarithmic standard deviations of from 61 4 to 1000 ng/ml. The method, now described, may be used, therefore, to detect and measure significantly raised levels. Plotting the square of the diameter of the precipitation rings against concentration of standard IgE solutions inserted into the wells resulted in a straight line graph both before and after the addition of the rabbit antisheep antibody (Fig. 1) . However, after the second antibody had been added it was possible to see the precipitation rings for the IgE standards of approximately 900 units/ml and 450 units/ml. The concentrations of unknown sera could be reliably read from the graph at levels 900 units/ml and upwards.
Materials and Methods
In order to assess the reproducibility of the method after the addition of the second antibody, the coefficients of variation and 95 % confidence limits for 6 blind replications of 4 fresh sera were assessed as indicated in Table I .
Sera from a group of 33 asthmatic children were examined both by the method described above and by the radio radial diffusion method (Rowe, 1969) . In the 12 samples with concentrations over 900 units/ml, the correlation coefficient for the two methods was 0-924, Fig. 3 . Those with IgE concentrations of over 900 units/ml as opposed to 1000 units/ml, are, however, referred to hereinafter as the high IgE group and comparisons made above and below this level, because 900 units/ml is the threshold at which levels can be reliably measured and this concentration lies nearer to +2 SD above the mean for middle and late childhood (Johansson, 1968; Berg and Johansson, 1969a) . The remainder, in whom the serum concentrations did not exceed 900 units/ml, are referred to as the normal IgE group, though it is realized that some children in the group have somewhat raised levels especially because the normal range in early childhood is lower than in adults. In both groups there were approximately one-and-a-half times as many boys as girls.
IgE concentrations in nonasthmatic patients. In 63 nonasthmatic patients the concentration of IgE was found to be over 900 unitg/ml in only 6 and their diagnoses are shown in Table  III ; none of the remaining 58 nonasthmatic patients had similar diagnoses. Results of repeated sampling from same patients. Because higher IgE concentrations have been reported in summer than in spring and winter (Berg and Johansson, 1969b) , repeated samples were examined from 50 children at various times of the year, in order to assess whether the high and normal IgE groups were stable enough to permit comparison of their other characteristics. In 10 out of 50 the IgE concentrations either rose above or fell below 900 units/ml (Table IV) , but in the remaining 40, levels either stayed over 900 units/ml or under 900 units/ml.
The 9500 confidence limits (with continuity correction) for this more stable combined group (40 cases) are 34-46 out of a sample of 50, or 68-92%.
It is important to note that the proportions of patients with IgE concentrations either above and/or below 900 units/ml (22 and 18) were very similar to those in the whole sample of 236, and that those repeatedly sampled were almost all between 5 and 10 years old. Children with past or present eczema predominated in the stable high IgE group. IgE concentrations in relation to occurrence of eczema. Eczema was present or had occurred in the past in 119 (50°%) of the children studied. Among those who had never had eczema 35% had levels of IgE over 1000 units/ml* (Fig. 4) , but in those with past or present eczema the group with IgE concentration of over 1000 units/ml comprised 65o/ (Fig. 5) . IgE concentration was not necessarily related to the extent, severity, or acuteness of the eczema. The sex distribution of raised IgE level was not influenced by the occurrence of eczema.
Age and sex variation. The relative though not total stability of the groups with concentrations *Discrimination at 1000 units/ml rather than 900 units/ml is made here in order to make Fig. 4 and 5 comparable to Fig. 3 . (Table VI) . under 15 years
The average number of separate antigen mixtures to which sensitivity could be shown in each child was significantly greater in the high IgE group than in the normal IgE group (Table VII) . nence of males, which applies to asthma as a whole, is accentuated in the high IgE group. With sexes combined the proportion with high IgE concentration was significantly greater (X2 --7-5; P <0 01 1 d.f.) in the age group 5 to 10 years when compared with the under 5 years. In all age groups the mean IgE concentration in the high IgE group was found to be higher for males than females, but the differences between the means were not significant (Table V) . Skin tests. Of the 111 who were skin tested, only 8 were found to be completely nonreactive to the range of antigens used. With the exception of 2, all the nonreactors had IgE concentrations less than 900 units/ml. Sensitivity to grass pollens, house dust, and Dermatophagoides culinae was more common than to other antigens. In the groups aged 5 to 10 and 10 to 15 years, nonreactors were less frequent than in the very young. A higher percentage of children reacted to each of the antigen mixtures in the high IgE group than in the normal IgE group which, nevertheless, included a con- (1971) who studied 170 asthmatic children in Melbourne. However, in these three studies reference was not made to the same research standard, and measurements were expressed in ng/ml. Berg and Johansson (1969b) used the highly sensitive radio immunosorbant method originally used for IgE determination by Johansson and Bennich (1967), but Hogarth-Scott et al. (1971) and Kumar et al. (1971) used a modification of single radial diffusion using 13II-labelled second antibody, similar to that described by Rowe (1969) . In the series of Kumar et al. (1971) only 30 of 116 cases were found to have levels over 700 ng/ml which was regarded by the authors as the level dividing normal from abnormally high IgE concentrations. Berg and Johansson (1969b) found 45 out of 94 atopic children had raised levels. Hogarth-Scott et al. (1971) found a much lower incidence of raised levels. Both Berg and Johansson (1969b) and Kumar et al. (1971) have drawn attention to the higher levels of IgE which are found in children with eczema and perennial asthma when compared with children with asthma alone. Our findings are in accord with this though we have expressed them in a different way.
The high levels of IgE recorded in atopic disease must be presumed to result from higher than normal synthesis of IgE, the mechanism of which is unknown. It is not yet clear whether the groups with high and normal IgE concentration represent opposite ends of a continuous distribution or whether each is a separate subpopulation.
Among the nonasthmatics with high IgE concentration, those with pediculosis corporis and scabies were of special interest, since it is possible that the high levels of IgE found resulted from percutaneous sensitization. Ascaris infestation has previously been associated with raised IgE levels (Johansson, Mellbin, and Vahlquist, 1968) . IgE antibodies have been reported in drug sensitivity (Korotzer and Haddad, 1970) and though it cannot be proved that the 7-year-old girl reported here, who had a severe systemic lupus-like illness shortly after the introduction of sulphadimidine and pyrimethamine, had IgE antibodies against these drugs, the rise in serum IgE was short lived, and subsided with her recovery.
Against the background of relative stability of high and normal IgE groups, a developmental pattern for the immunological disorder in childhood asthma has been sought. Our findings suggest that in the under 5-year-old asthmatics it is more common for IgE concentration to be within the normal range, but in middle childhood (5 to 10 years) high levels of IgE are more likely to be found. In late childhood and early adolescence, balance between high and normal IgE groups was restored. In all three age groups, the mean IgE concentration in the high IgE group tended to be higher in boys than in girls, which contrasts with the higher IgM levels known to occur in girls as compared with boys (Butterworth, McClellan, and Allansmith, 1967) .
The subsample whose skin tests are reported was restricted to 111 in order to maintain standards of uniformity of method, antecedent drug therapy, etc. The use of antigen mixtures was unavoidable, since in young children it was essential to provide comprehensive screening using the minimum number of prick tests. It is interesting to note that the small group that was nonreactive to the antigen used was closely comparable in size to that which was negative to allergy testing in Berg and Johansson's series (1969b) . The significantly higher number of skin tests we found in the high IgE groups confirm in a very simple way the original findings of Wide, Bennich, and Johansson (1967) who, using particle adsorbed allergens, found that the mean IgE level in patients sensitive to one allergen was 633 ng/ml, and 1307 ng/ml in those sensitive to two or more. The small fraction of cases who were nonreacting diminished in late childhood.
Other clinical characteristics-height, weight, respiratory function, pattern of symptoms-are now being investigated and compared in the low and high IgE groups.
